
FACTORS IN THE MENTAL PROCESSES OF 
SCHOOL CHILDREN1. 

I. VISUAL AND AUDITORY IMAGERY. 
BY N. CAREY. 

(From the Psychological Laboratory, University College, 
University of London.) 

I .  Historicul and Introductory. 
1. 
2. 

Early views concerning the function of images. 
Results of indirect methods of investigatiny t h  function of 

imagery. 
(a) Galtorb’s wmk. 
(b )  
(c) 

(d )  Vicarious functioning of imagery. 

Researches supporting the doctrine of ‘ imageless thought.’ 
Researches in whic?b imagery ?has been found useful in 

mental operations. 

3. 
4. Imagery and educational practice. Need for further investi- 

Results of direct methods of investigation. 

gation. 

1. Verbal memory tests. 
2. Tests of sensory discrimination. 
3. Tests of sensory niemory. 
4. Tests of general ability. 
5. 
6. 
7. 

8. Teaclhers’ lists. 

1. Procedure. 
2. 
3. Defects of method. 
4. Injluence of attention. 
5. Mass v. individual tests. 

I I .  Experimental. 

Tests designed to involve the use of imagery. 
Introspections concerning visual and auditory imagery. 
$stirnates of scholastic ability according to the results of school 

exarninations. 

I I I .  Reliability. 

Stnull individual viwiatio)ts in ability tested. 

I Thesis approved for the degree of Doctor of Science in the University of London. 
30-2 



4.54 Fuctot-s in the LliTe~ttd Proceum of school Children. I 

I V.  Examinatiori of the validity o f  the introspections. 
1. Criticism. 
2. Criteria. 
3. Distraction expwiments. 
4. 
5. 

6 .  

Ayreeineiit between differetit tests of irnuge type. 
Correlation o f  one set of introspections with another itiade six 

Coiirpavison of childre,ts itbtrospectious wilh those o f  trained 
wtonths later. 

psychologists. 
V .  Results. 

1. Correlation between differetit classes of ini y e r y .  
2. Ivnagery and sensory discrirnination and memory. 
3. Imagery and verbal memory. 
4. Imnagery and the tests designed to correlate with it.  
5. Imagery and the school subjects. 
6.  Imagery and t h  teachers’ estimates. 
7 .  Imagery. and the general ability tests. 

V I .  Suinmary. 

I. HISTORICAL. 

1. FROM the very beginning of psychology it was commonly taken 
for granted that the memory of an experience consisted in the imaginal 
reproduction of that experience, the imagery being of the same nature 
as the actual experience but of weakened intensity. Thus memory is 
defined by Aristotlel as “the permanent possession of a sensuous picture 
as a copy which represents the object of which it is a picture.” He also 
writes that “without the aid of sense-perception we never come to 
learn or understand anything ; and whenever we consider something 
in the mind, we must a t  the same time contemplate some picture of the 
imagination, for the pictures of the imagination correspond to the 
impressions of the senses, except that the former are without material 
embodiment2.” 

Berkeley also assumes the presence of imagery in all our thinking. 
In abstract thought, which cannot be adequately reproduced by niental 
imagery, he denies the existence, or the possibility of the existence, of 
abstract ‘ideas,’ but maintains that in such casea we have particular 
‘ideas’ which represent or stand for all other particulars of the same 
kind. The imaginal symbol is for the most part present in consciousness 
without its signification, as when one solves a problem in algebra, 

Aris. Psych., trans. by F. Wallace, Introd. xciv. 
Ibid., 173. 
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without being aware of the particular quantity for which each letter 
stands‘. 

The same assumptions still exist in many of the present-day text- 
books. Thus, it is maintained that the processes of recognition and 
comparison cannot be accomplished without the aid of imagery. 
Recognition is described as the reproduction of the image of an object 
experienced in the past, with which the present object is identified. 
The process of comparison of a present object with one not present is 
said to be the reading off of the likenesses and differences between the 
present object and the revived image of the object not present. Per- 
ception, too, is often described as the psychical synthesis of present 
sensations excited by the perceived object, with images of sensations 
of that object previously experienced. Upon this second factor of the 
synthesis is said to depend the ability to learn by experience. 

On the subject of creative imagination, Ribot says: “Man is able 
to create for two principal reasons. The first, motor in nature, is found 
in the action of his needs, appetites, tendencies, desires. The second 
is the possibility of a spontaneous revival of images that become grouped 
in new combinations2.” 

Peillaube, in his book on images, ascribes to them an important 
function in almost every mental process. Betts, in The Mind and its 
Education, writes (p. 99):  “Binet well says that the man who has not 
every type of imagery almost equally well developed is only a fraction 
of a man.” 

The necessity of the presence of imagery in most of our mental 
processes has also been maintained by many physiological psychologists. 
It is assumed that the image results from the excitation of the same 
nerve centre as the corresponding sensation, and that the image is to 
memory what sensation is to perception. 

(a)  Even after more exact methods of investigation were used, 
the same idea dominated psychology. Thus Galtons, after inquiring into 
the nature of mental imagery, concluded without further inquiry that 
“there can be no doubt as to the utility of the visualising faculty when 
it is duly subordinated to the higher intellectual operations.” And 
again: “The best workmen are those who visualise the whole of what 
they propose to do, before they take a tool in their hands.” 

(b)  With Kiilpe, Buhler, Ach, Watt, Messer, Koffka and others arose 
a school of more accurate methods of introspection. The sybjects were 

2. 

Principlea of Human Knowledge (Everyman edition), xii, 100, and xix, 107. 
Essay on the Creative Imagination, 313. Inquiries into Human Faculty, 78. 
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given a specific task to perform and then required t o  analyse the pro- 
cesses immediately after. The results went to show that thought does 
not consist wholly of images or even nearly so. This has been cor- 
roborated by Dr Aveling, who after experimenting and obtaining a 
large number of introspections, concludes that “ images are not necessary 
as content for thought1.” Other well-known psychologists also assert 
that the thought processes can be carried on without the aid of imagery 
of any kind. For example, Prof. Woodworth obtained a number of 
introspections concerning the condition of mind preceding certain 
simple movements. In discussing the results he says that “the thought 
may be clothed in sensorial images, rags and tatters or gorgeous raiment, 
but these are often, after all, only clothes, and a naked thought can 
perfectly well perform its function of starting the motor machinery in 
action and determining the point and object of its application2.” In  
another place he says that “probably all thinking originates in terms 
of meaning, but that some persons have more excitable sensorial 
processes and so get images*.” 

T. V. Moore, in his Study of the Process of Abstraction, concludes from 
the introspections which he obtained ; “ Assured recognition is not 
dependent upon perfect perception. For assured recognition can exist 
when perception is so imperfect that no mental image whatever exists. 
The theory that recognition is brought about only by a comparison of 
the present sensation with a revived mental image is entirely refuted. 
Certain recognition can take place without the formation of any mental 
image whatever of the thing that is recognised.” 

( c )  Other researches have been made, the results of which are in 
opposition t o  those given above. For example, Starch4 found that 
persons practised in certain arithmetical mental tests, showed improve- 
ment in other arithmetical mental operations in which they were not 
practised. From the introspections he concludes that one cause of the 
transfer of training was the acquisition of the ability to visualise 
arithmetical operations. 

Titchener says too: “I  have turned round, time and time again, 
upon consciousnesses like doubt, hesitation, belief, assent, trying to 
remember, having a thing on my tongue’s tip, and I have not been able 
t o  discover the imageless processes6.” 

Conack?usness of the Un~versal, Macmillan & Co. 
The Came of a Voluntary Movement (Garman Corn. Vol. 1906), 392. 

“Transfer of Training in Mental Operations,” J .  of Educ. Psychol., June, 191 1. 
Experimental Psychology of the Thought Processes, 182. 

a J .  of Philos., Psychol. and &i. Meth. 1906, 708. 



N. CAREY 457 

(a) Standing, in a sense, between these two sets of results, are the 
results of other researches in which i t  has been found that the imagery 
in the reproduction is not in the same terms as the original experience. 
Thus Bentley’ carried out some tests in order to determine the nature of 
the memory image; and from the introspections he concludes that 
memory is not a weakened reproduction of a previous experience, that 
reproduction is very schematic and that other aids are more important 
in remembering. Whipple’s experiments2 on the discrimination of 
tones indicate that an auditory image is not necessary in reproducing, 
recognising or comparing tones. One reason that Binet gives in his 
article “La Pensee sans Imagesa,” for supporting the doctrine of image- 
less thought, is that according to the observations of Armande and 
Marguerite, the imagery during a mental operation is often quite 
irrelevant. H. H. Hollingworth, on the other hand, does not consider 
that irrelevancy is any argument against the usefulness of imagery and 
that such imagery may function vicariously. He says: “Just as in 
logic a relation presupposes substantives which are related, so in 
psychology, the consciousness of relation implies the presence of seme 
content of some kind or other. Association areas, the activities of 
which may underlie the feeling of relation, do not initiate their own 
activity. Just as a relation involves related things, so association tracts 
function only as connecting lines between sensory or sensory and motor 
centres. The curious thing, however, is that any pair of sensory centres 
will suffice, no matter how irrelevant or derived they may be.. . .The 
sensory material serves merely as a vehicle, the instrument of the 
process, and any vehicle will do4.” 

By Thorndike, Beth and Ruger, we are furnished with a new 
and direct method of attacking the problem. Thus, Thorndike6 in some 
experiments on University students tried to determine directly the 
relation between the clearness of visual images and their eficiency of 
function. The students were arranged in ten groups according to the 
clearness of their visual images. Then questions were set as to the 
visual appearance of various objects. Thorndike concludes that his 

3. 

1 “The Memory Image and its Qualitative Fidelity,” Amer. J .  of PaychoZ. 1899. 
* “Memory Image and Process of Judgment in discrimination of Clangs and Tones,” 

a Rev. Phil. 1903. 
Amer. J .  of Psychol. 1901. 

“Viaarious Functioning of Irrelevant Imagery,” J .  of Phibs., Psyehol. and &i. Neth. 

“Function of Images,” J .  of Philos., Psychol. and Sci. Meth. IV. No. 12. 
1911, 692. 



458 Factom in the Me;lLtal Proce*weS of School Children. I 

results go to show that a good visualiser does not necessarily gain 
more knowledge of the aspect of things than a poor one. 

In some experiments on mental multiplication he also found that 
“there is apparently a zero or a slight negative relationship with the 
vividness and fidelity of the visual images of the numbers, partial 
producfs, etc. The proportions of those of strong and weak visual 
images were closely the same in those improving much and those 
improving little. Of the few cases who reported increase or decrease 
in the strength of the visual images of the numbers, during the course 
of practice those who reported a decrease improved somewhat morel.” 

The most extensive direct investigation into the function of images 
is that of Betts, whose earlier opinion on imagery is given on p. 455. He 
deals with both voluntary and spontaneous imagery. With reference 
to the latter he obtained introspections as to its function in discrimina- 
tion, logical thinking, the solving of spatial problems and the appre- 
ciation of literature2. The results show that the introspected images 
have little if any correspondence with the powers of adults in these 
mental processes. Another direct investigation of the usefulness of 
images is that of Ruger. He graded his subjects according to the 
clearness of their visual images, and then compared this grading with 
their powers of solving mechanical puzzles. Here, if in no other case, 
one would expect images to be useful. But Ruger says : “ The relative 
independence of analysis and imagery is shown by the double fact that, 
on the one hand, the mere presence of images directly related to the 
solution of the problem in hand was found to be of no avail unless the 
act of analysis were performed, and on the other hand, that previous 
experience seemed to be effective in determining a perceptual analysis 
in which no trace of imagery could be founds.” And again: “The 
mere presence of imagery, although vivid and of closely related puzzles, 
was no guarantee of its eficiency. Very often attention rested on some 
superficial point of similarity, and progress toward solution seemed to 
be delayed instead of hastened.” The subject who made the best 
records in this research stated that he was entirely without visual 
imagery. 

Of these functional experiments there has been a good deal of 
criticism. For example, various critics of Betts’ work have accused him 

1 “The Effect of Practice in the case of a purely Intellectual Operation,” Amer. 
J .  of Psychl. 1908. 

Distribution and Function of Menial Imagery, 1909. 
* “The Psychology of Efficiency,” Arch. of PsychZ. 1910, 
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of basing his conclusions on amateurish introspections, and doubts have 
been raised as to Ghether the function of the image can be determined 
by such a method. But hitherto, a t  any rate, there seems to have 
been no direct and experimental evidence whatever. 

On the whole, the results of experiment go to show that the 
function of imagery in adults has been greatly over-estimated. But i t  
is still generally held, that i t  is useful in the mental processes of children. 
Even Bettsl says: “that children should employ much more 
imagery than adults in their thinking, is wholly in accord with the 
mode of the mind’s development.” The object of this research is to 
test the validity of such an assumption2. That the question is an 
important one is evident when one considers how much present-day 
educational practice is based upon its truth. For example, the following 
is an extract from a paper on psychological analysis and educational 
method in spelling, read a t  the Psychological Section of the British 
Association meeting 1913: “ In  the total word-complex there are the 
visual and writing-motor elements forming the written symbol, and 
the auditory and speech-motor elements of the spoken symbol. The 
visual and auditory elements may be either perception or imagery; 
the motor elements either actual movement or imagery.” And again, 
in another paper on the same subject: “The good speller normally 
achieves success through constant practice in reading and writing, 
whereby correct mental images, visual, auditory and motor, are obtained 
largely on the margin of attention.” In both these cases the function 
of imagery is taken for granted. The following extract (and examples 
could easily be multiplied from other books) affords further evidence 
of this fact : “As bricks could not be made without straw, so constructive 
imagination cannot act without mental images. The constructive 
imagination is called into play by stories, reading, arithmetic, geography, 
and history, providing they.are taught as they should be, and by all 
directions such as are given in physical exercises. The proper under- 
standing of lessons, and the development of accurate constructive 
imagination, cannot be brought about by allowing the pupil to perceive 
every object and combination every time, but by having them partly 
imaged and partly shown, then imaged by the help of simple pictures, 
diagrams or gestures, and finally by means of words 0nly3.” 

4. 

Loe. cit., 93. 
The research was suggested to me by Prof. Spearman, and owes its existence to his 

E. H. Kirkpatrick, Fundamenlala of Child Study, 263. 
never-failing guidance and encouragement. 
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The following extract serves to  show the present need of investi- 
gation of the function of images from a pedagogical point of view : “ A  
relatively abstract treatment of imagery has hitherto prevailed : psycho- 
logists have explored the ‘properties’ of images much as a chemist may 
explore the properties of an element. For pedagogical purposes we 
now have more need of a natural history of such processes as reading, 
writing, calculating, etc., a treatment which regards them as specific 
psychological structures, determines the possible difference of type and 
investigates the part played by imagery in their development. . . .What 
is the relation of imagery to the process of reasoning! How do the 
teacher’s own peculiarities of imagery affect his exposition and his 
pupil’s assimilation? What is the importance of the alleged connection 
between imagery and emotional vividness? (This is a question with 
an obvious bearing on the teaching of literature and other subjects.) 
How far does the possibility of ‘realising’ the past (in history) and 
the distant (in geography) depend upon imagery? ” 

It should be noticed that the problem of determining image types has 
been confused with the determination of what might be called ‘presen- 
tation types.’ It has been assumed that so-called ‘eye-minded’ and 
‘ ear-minded’ people are such, because they employ visual and auditory 
imagery respectively. But a priori, there is no reason why there should 
not be individuals who learn more from visually presented material 
and who are yet not of the visual image type, and others who learn 
more from auditorily presented material and who are not of the auditory 
image type. This paper will be concerned only with image and not 
with presentation type. In  order that the former should be determined, 
it is necessary to avoid the use of objective tests, which more or less 
assume the function of imagery. In  the present work a purely intro- 
spective method was employed, while precautions were taken to  ensure 
the reliability of the introspections used in determining correlation 
coefficients. 

11. EXPERIMENTAL. 

The material used in this research falls into the following eight 

1. Verbal memory tests. 
2. Tests of sensory discrimination. 
3. Tests of sensory memory. 
4. Tests of general ability. 
ti. 

groups : 

Tests designed to involve the use of imagery. 
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6. 
7. 

8. 

Estimates of visual and auditory ability from introspections. 
Estimates of scholastic ability according to the results of school 

examinations. 
Ranks of children according to scholastic intelligence, practical 

intelligence, painstaking and social status, drawn up by the teachers 
of the school. 

Most of the experiments were carried out in four classes of the 
girls’ department of an L.C.C. elementary school. One class of boys 
in the same school was also tested, and as the results did not differ 
radically from those of the other tests, they were pooled with the girls.’l. 
The number of cases varied in the different tests, but in many of them 
over 150 children were examined. The ages of the children ranged from 
7-14 years. All the tests except some of the introspections were 
carried out in class under ordinary school conditions, all the necessary 
precautions for the prevention of copying, etc., being taken. 

1. Verbal memory tests. These were three in number. In each of 
the three, the children were required to learn one series of 5, four 
series of 7, and five series of 9 monosyllabic nouns. In the first test 
the children listened while the experimenter repeated the series three 
times, and then a t  a given signal wrote out as many as they could 
remember, regardless of order. (Auditory verbal memory test.) In 
the second test the procedure was the same except that the children 
repeated the words aloud after the experimenter. (Auditory motor 
verbal memory test.) In the third test the words, printed on cards, 
were shown one a t  a time, neither the experimenter nor the class 
repeating them. (Visual verbal memory test.) The motor factor 
probably occurs in all three tests, as i t  is very doubtful if the endeavour 
to suppress articulation in tests 1 and 3 was successful. The auditory 
motor verbal memory test was doubly auditory, as the children not 
only heard the experimenter’s voice, but their own voices too. 

2. Tests of sensory discrimination. There were seven of these, 
three auditory and four visual. 

(i) Discrimination of pitch. Two tones were sounded on a mono- 
chord one after another, and the children were asked to write whether 
the second tone was higher or lower than the first.’ They were quite 
familiar with the terms ‘higher’ and ‘lower’ as applied to the pitch 

1 I here express my great indebtedness to Miss H. E. Lacy, headmistress of tho 
Girls’ School, who not only allowed me to experiment in her school, but continuously 
encouraged and helped me. My thanks are also due to Mr D. J. Restall, headmaster of 
the Boys’ School, and to the teachers in whose classes I experimented. 
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of musical notes, for all the children had been trained from the Infants' 
School to sing from Tonic Sol-fa modulators on which the higher notes 
are a t  the top and the lower notes a t  the bottom. 

Two rates were given on a metronome 
one after another, and the children were required to write down if the 
second was quicker or slower than the first. 

(iii) Discrimination of musical phrases. Two simple phrases of 
music were played on a piano one after the other, then one of the two 
was repeated and the children were required to identify it either as the 
first or the second. 

(iv) Discrimination of colour. Two methods were used in this 
test. The colours used were obtained by mixing two colours not 
differing greatly in hue, by means of a wheel. In the first method two 
discs were used, one as a constant and the other as a variable. When 
in rotation, the discs were uncovered and the children compared them 
and then wrote down which of the two original colours the variable 
contained most of as compared with the constant. AB the results of 
this test were unsatisfactory, the method of experimenting was changed. 
Five discs were used instead of two, one constant and four variables. 
One of the four variables was the same as the constant and the children 
were required to write down which they judged it to be. The reliability 
of the resulh obtained by this latter method was very much higher 
than that obtained by the first. The details of these methods are given 
in an earlier paperl. 

Discrimination of the size of angngles. A number of solid black 
angles were pasted on sheets of white cardboard; two of these were 
shown one after the other, and the children required to write down if 
the second angle was larger or smaller than the first. 

I n  this test a series of patterns 
numbering 1-17 was used. Each pattern was made by a combination 
of 32 units (black ovals) as shown in the figures. The dotted lines give 
the basis on which the patterns were constructed; but as they were 
drawn in pencil, they did not show in the patterns when actually used. 
Each pattern differed from the preceding one by the displacement of 
two unih. Thua,'as will be seen by comparing the figures, pattern 2 
is derived from pattern 1 by displacing a unit from the third square 
from the left in the top row to the first square in the second row, and 
displacing in the third row a unit from the fourth square to the first, 
and so on, no place from which a unit had been removed being again 

1 This Journal, 1914, VII. 04. 

(ii) Discrimination of rate. 

(v) 

(vi) Discrimination of patterns. 
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occupied. Thus patterns bearing consecutive numbers differed by two 
units; those whose number differed by two, had 2 x 2 = 4 units dis- 
placed and so on. Hence patterns 1 and 17 differed by 2 x 16 -- 32 
units, i.e. all the units were displaced and the two patterns had nothing 
in common. In the experiment the children were shown two patterns 
one after another for about five seconds each, then a third one was 

Fig. 1. Pattern 1. 

Fig. 3. Pattern 3. 

Fig. 2. Pattern 2. 

Fig. 4. Pattern 17. 

shown and they were required t q  identify it as either the first or the 
second. All the cards were duplicated in order to prevent identification 
by means of accidental marks. One set was used for learning and the 
other for identification. 

(vii) Discrimination of groups of colours. Thirteen groups of 
colours were used, each consisting of twelve squares of different colours 
arranged in three horizontal rows of:four each. Thirteen colours in 
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all entered into the composition of these groups. The groups, which 
were numbered 1-13, were constructed on the following plan: After 
the construction of group 1, group 2 was derived from it by replacing 
any one colour taken a t  random by the thirteenth colour, that had 
been left out in group 1. Group 3 was derived from group 2 in a similar 
manner by substituting for any one of the 11 unchanged colours, the 
colour that had been left out of group 2, and so on. In this way any 
group differed from any other group next in number by one colour 
only; from those next to these by one colour and one difference of 
relative position of the colours; and from those next but one to these 
by one colour and two differences of relative position of the colours, 
and so on. Thus group 6 differed from groups 5 and 7 by one colour 
each, from groups 4 and 8 by one colour and one difference of position 
each, and so on. All the cards were duplicated and the experiment 
was carried out in the same. way as the pattern test. 

The usual plan was to experiment with each class of children for 
half an hour each week. During this time they were given several 
different tests one after the other. For example, three series of words 
would be learnt, ten judgments made in each of the first and second 
discrimination tests, and six judgments in as many as possible of 
the remaining discrimination tests. Each test was continued until a 
sufficient degree of reliability had been obtained, or until there appeared 
no prospect of obtaining good reliability. A series of sufficient length 
to give a good reliability coefficient consisted on an average of 60 
judgments. 

3. Sensory memory tests. This group comprises seven tests to 
correspond with those of the previous group. One stimulus in each 
of the seven different kinds of sense material was given to be remembered, 
and the children were examined an hour afterwards. Two answers, one 
in the morning and one in the afternoon, were obtained each day with 
regard to each kind of sense material, and the experiments were con- 
tinued for about three weeks with each class of children. Thus, on an 
average, thirty answers from each child were obtained. In the cases 
of memory of pitch, rate and musical phrases, three stimuli were given 
successively in each, and the children were required to identify one of 
three with the stimulus given an hour previously. In the cases of 
memory of colour, angles, patterns and colour groups, one stimulus in 
each was given to be remembered, and then, an hour later, they were 
given four simultaneously in each, one of which they had to identify 
as having been given previously. 
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In  the discrimination tests the general plan was to make the 
successive member of each series of gradually increasing difficulty. 
The successive series also, from one experimental day to another, were 
as a whole, of increasing difficulty. I n  the case of the memory tests, 
a series requiring 15 judgments of increasing difficulty was given and 
this was repeated to  obtain 30 judgments in all. 

The tests selected were chosen with a 
view to their involving to a large degree the general factor ‘g  ’ common to 
all mental performances, and to their serving therefore as a measure of 
it. It was further hoped, also, that their performance would involve 
no large specific factor common to themselves, or occurring in the 
performances of any other of the tests used, i.e. that they would have 
no large specific correlation either with each other, or with any other 
of the abilities tested1. 

In  the first, a number of words 
such as wet, smooth, lazy, etc., were read out a t  a given rate by the 
experimenter, while the children endeavoured to write down the opposite 
of each word as it came. In  the second test, each child was given a 
book consisting of five or six pages. On each page, three series of words 
were written. The children were required to re-arrange these words 
without additions or omissions to form three sentences. A definite 
time was allowed for each page, after which the next was attempted. 

Tests designed to involve the use of imagery. An endeavour was 
made to  discover some tests whose performance seemed to  depend upon 
visual imagery. Such tests, i t  was thought, would give high correlations 
with visual imagery according to  the introspections. Two tests were 
selected. In  the first, twenty drawings consisting of five or six straight 
lines joined in a variety of irregular ways were made upon separate 
cards. The cards were each exposed for about one second, and the 
children were required to draw on some paper before them as much as 
they could remember of the figure. This test was chosen, because 
according to  the introspections of two psychologista, on whom i t  was 
tried beforehand, the clearness and duration of the primary memory 
image seemed to be important. In  the second test a number of pieces 
of paper were folded into halves, and in each piece a hole was cut in 
the middle of the folded edge. These were shown to the children for 
a short time and then they were required to  draw the hole as i t  would 
appear if the paper were unfolded. 

4. Tests of general ability. 

The tests were two in number. 

5. 

For further information concerning ‘g’ and specific correlations see “General Ability,” 
by B. Hart and C. Spearman, this Journal, March, 1912, v. 61. 
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6. Introspections concerning visual and auditory imagery. The 

introspections were obtained from the children by a series of simple 
questions. The questions were arranged so that from the answers four 
sets of marks could be obtained with regard to the clearness of (1) spon- 
taneous visual imagery, (2) spontaneous auditory imagery, (3) voluntary 
visual imagery, (4) voluntary auditory imagery. In three classes of ’ 
girls the introspections were obtained individually. With one class of 
girls answers were obtained first collectively and then later individually. 
In the case of the boys they were obtained collectively. ’ 

The questions used varied slightly from class to class, according 
to the age of the children, but each series was similar in nature. The 
following set of questions on visual imagery will serve as an example. 
The questions on auditory imagery were similar in character. 

Spontaneous visual imagery. 

1. Repeat these words after me three times, and then write out 
in any order as many as you can remember: plate, dog, bag, clock, 
chair. 

When you were trying to remember these words, did you picture 
any of the things they stand for, or did you picture the words as written? 

Was what you pictured quite clear, or fairly clear, or only dim? 
(These questions were repeated with a list of nine words.) 

2. A boy had 35 marbles, he lost 17, how many had he left? 
When trying to think of the answer, 

did you picture the boy? 
did you picture the marbles? 
did you picture the numbers? 

Clearly, fairly clearly, or dimly? 
Clearly, fairly clearly, or dimly? 
Clearly, fairly clearly, or dimly? 

(These questions were repeated in relation to another problem.) 

3. Repeat the following little story after me twice, and then tell 
“Outside the church door 
John gave him one of his 

me as much as you can remember of it. 
stood an old beggar, leaning on his crutch. 
silver shillings and then went on his way.” 

When you were trying to remember this, 
did you picture the church door? 
did you picture the beggar? 
did you picture John? 

Clearly, fairly clearly, or dimly? 
Clearly, fairly clearly, or dimly? 

Clearly, fairly clearly, or dimly? 
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Voluntary visual imagery. 

1. Think of your breakfast table. 
Can you picture it? 
Can you picture the cups? 
Can you picture the tea being poured out? 

2. 
Can you picture the firemen? 
Can you count them? 
Can you picture the horses galloping to a fire? 

Clearly, fairly clearly, or dimly? 
Clearly, fairly clearly, or dimly? 

Clearly, fairly clearly, or 
dimly? 

Think of the fire engine. 

Clearly, fairly clearly, or dimly? 
Clearly, fairly clearly, or dimly? 

Clearly, fairly clearly, 
or dimly? 

3. Think of the story of Cinderella. 
Can you picture Cinderella in rags before the kitchen fire? Clearly, 

Can you picture her a t  the ball? 
Can you picture her dressed like a princess? 

fairly clearly, or dimly? 
Clearly, fairly clearly, or dimly? 

Clearly, fairly clearly, 
or dimly? 

4. Think of the wall of the class-room. 

Can you picture its colour? 
(These questions were repeated with reference to a fire engine, 

a blue sky, an orange, a school history book, and the Union Jack.) 

5. (Six cards, on which were fixed circles of various colour, were 
shown to the children, and they were asked to describe the clearness of 
the visual image when these were covered.) 

Before putting these questions to the children measures were taken 
to ensure that they thoroughly understood what was required of them. 
No case occurred of a child seeming to experience any difficulty in 
understanding what was meant by ‘picturing.’ This seems to indicate 
that no case was discovered of a child without any visual imagery a t  
all, although several were found in whom it was very scanty. It is 
very possible, however, that many children overrated the clearness of 
their imagery; hence, before the experiment, each child was asked to 
look a t  a particular object in the room and then to shut her eyes and 
compare the clearness of the image with that of the object, and an 
endeavour was made to make the meaning of the terms ‘clear,’ ‘fairly 
clear,’ and ‘dim,’ as definite as possible. ‘Clear’ was to mean that 

J. of Psyah. VII 31 

Clearly, fairly clearly, or dimly? 
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the image was as plain as the Qbject itself. ‘Fairly clear’ was to mean 
that the image was riot so plain as the object, but that i t  could be 
maintained without much effort. ‘Dim’ was to mean that the object 
could be pictured, but that it was ‘shadowy’ and kept coming and 
going. The children were repeatedly reminded of these meanings 
during the course of the experiments. The questions were more often 
than not supplemented by phrases calculated to keep the required 
meaning before the mind of the child; for example, “Can you picture 
it, or are you only just thinking about i t?”  

To be sure that the children understood what is meant by an auditory 
image was not nearly such a simple matter. The fact that there is 
no such Eimple word as ‘picturing’ to describe the auditory process, 
somewhat adds to the difficulty. Some such clumsy phrase as ‘hearing 
in the head’ has to serve. Some children too, especially those who go 
to Sunday school, seem to identify an auditory image with conscience. 
But in every case a little extra explanation seemed to suffice to make 
the matter clear. The usual method of explanation was as follows: 
A book was shown to the child, and she was asked if she could picture 
it, not merely think about it, but really see i t  in her mind or brain. 
Then the book was dropped upon the floor, and the child was asked if 
she could not only think about the sound of the book falling, but really 
hear the sound in her head; as she had seen the book in her head. 
As a rule, this was quite sufficient to call forth a beaming smile, indicating 
understanding, and to enable the experimenter to continue the intro- 
spections without further difficulty. 

The clearness of each child’s imagery was estimated by giving three 
marks for each clear image, two for each fairly clear, and one for each 
described as dim. In this way marks were obtained for imagery which 
could be correlated with those obtained in other performances. 

7. School examination marb.  In most cases, these marks were 
those obtained at the term examinations, but where possible they were 
supplemented by marks given by the class teachers in weekly tests. 
The subjects included were : reading, spelling, composition, arithmetic, 
science, history, geography, needlework, writing and drawing. 

8. Teachers’ lists. For each class of children examined, two 
teachers were asked to draw up lists in order of scholastic intelligence, 
practical intelligence, painstaking and social status. The two particular 
aspects of intelligence were specified, as several teachers experienced 
difficulty in placing certain children in a more general list. For 
example, children who show little ability in their school-work are 
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described as being very capable in managing things relating to the 
class-room. 

The lists drawn up by the two teachers were correlated with one 
another and the figure obtained was treated as the reliability coefficient1. 
The correlations between the two estimates for each of the four qualities 
were : scholastic intelligence -79, practical intelligence ~60, pains- 
taking -62, social status *72. Both compilers being largely influenced 
by the same term examination lists, probably accounts for the corre- 
lation between the two estimates of scholastic intelligence being the 
greatest. Attention has been drawn by other writers to the fact that 
the correlation between two such lists is partly spurious, owing to their 
not being based on completely independent data. 

111. RELIABIKITY 

Procedure. Each experiment was repeated several times. The 
marks obtained were divided into two groups and added up so that two 
sets of measurements were obtained for each ability tested. The 
groups were arranged so that any regular errors such as those due to 
practice and fatigue would be eliminated in the process of correlation. 
Thus, in a case when an ability had been measured eight times, two 
groups of marks were obtained by adding the results of measurements 
1, 3, 5 and 7, and 2, 4, 6 and 8. In  some cases two groups were formed 
by taking 1, 2, 7 and 8, and 3, 4, 5 and 6. The correlation between the 
different performances was obtained by means of the product-moment 
formula, which was then corrected in the usual way to eliminate errors 
of observationz. 

1 See section on Reliability. 
2 "Correlation Calculated from Faulty Data," by C. Spearman, this Journal, III. 

Pt. 3, 1910, p. 276. 
For p.e. p. 294. 
In order to shorten the work, both the correlation and the correction can be done in 

one step by using the following modified formula: 

where rzy =required correlation. 
ZxaaG =sum of the squares of the sums of the deviations from the average 

Xyaa+b=mme for y .  
in the two measurements xa and %b. 

Z ( ~ , + b - y . + ~ ) = s u m  of the squares of the difference between the sum8 of the 
deviations of the two measurements of x, and the sums of the 
deviations of the two measurements of y .  

3 1-2 
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The reliability coe6cient was obtained by correlating two measure- 
ments of the same abilityl. 

Small individual variations in  the ability tested. It soon became 
obvious that reliability is much more easily obtained in some tests than 
in others. It waa easy to obtain reliable measurements in the verbal 
memory tests and in ability to discriminate the pitch of notes, but in 
others, such as discrimination of rates or angles, a satisfactory reliability 
was rarely attained. This lowness could be attributed to several causes. 
One of these was the small individual variations in the ability tested. 
An example of lowness of reliability due to this is that of discrimination 
of rate. This test was carried out by the same method as that af 
discrimination of pitch, but the reliability in the case of pitch was not 
only much higher, but much more quickly obtained. A t  first this was 
thought to be due to the rate test being too easy; therefore it was 
repeated and made more difficult. The result was that the number of 
correct answers became considerably less, but nevertheless, the individual 
variations still remained very small. Further increase of difficulty gave 
large random variations from one test to another, showing that the 
degree of di6culty was too great. Discrimination of angles is another 
example of a test from which, for the same reason, it is difficult to 
obtain any reliable results. Although the test was carried out a great 
number of times and in two ways, no large individual differences were 
obtained. 

Defects of method. Another cawe of lowness of reliability is defective 
method of experiment. The earlier tests of ability in discriminating 
colour afford an example of this. The average reliability obtained from 
the five classes with this method was, in spite of many repetitions, only 
-52 in the case of yellow, and a37 in the case of blue. But as soon as the 
second method was introduced, reliabilities ranging from -75 to -89 were 
obtained with considerably shorter series=. 

A third cause of low reliability is variation 
in attention due to the nature of the material med in the test. The 

Injuence of attention. 

This could be obtained approximately by means of the following modified formula : 

- 
The approximation obviously consists in replacing in the denominator 2 J%aaZxbS 
by Zxa’+Zzba ,  which is sufficiently accurate as long as has nearly the mme value 

a For further information with regard to this method see this JotcmaZ, “An improved 
a8 

Colour-wheel,” May, 1914, 64. 
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discrimination of patterns and colour group tests are examples of this. 
Both these tests were repeated by the second method used in the colour 
test; that is, the children were shown one pattern or colour group and 
then were required to identify i t  as one of four patterns or colour groups. 
But in neither case was there any great improvement in reliability. In  
both methods the children were warned that unless they attended to 
the whole of the pattern or colour group and not merely to one part, 
they could easily make errors. Nevertheless, i t  is highly probable that 
attention was not always given to the whole and that therefore a large 
random error was introduced. Tests involving this kind of material, 
when applied to children, would probably never give a very satisfactory 
reliability. In the sensory memory tests ako it was diEcult to obtain 
any high reliability, and this was probably due to the flagging of 
attention towards the end of the series. All these memory tests were 
continued during a period varying from a fortnight to three weeks. 
After the novelty of the tests had worn off, it is highly probable that 
certain children did not always give the full amount of attention to the 
tone, rate, colour, etc., to be remembered. 

Some writers have raised objections 
to mass experiments on the ground that less reliable results are obtained. 
Of course, there are certain tests which cannot be so readily applied en 
m s s e  as individually. But where the method does allow of ready 
application, mass experiments have the advantage of having been 
carried out under more natural conditions. Children who are inclined 
to be nervous are much more disturbed by individual than by mass tests. 

The auditory motor verbal memory test and another involving the 
association of numbers with words were carried out both in class and 
individually for the purpose of comparing the two modes. The reli- 
abilities of the class tests were -78 and -67, while those of the individual 
testa were -69 and -57. In both cases the reliability of the individual 
test was lower than that of the class test. The experience of Mr Burt 
in this matter is similar, for he writes : “The reliability of the group 
test carried out was -90, unexpectedly high.. . .The individual test, 
strange to say, gave less satisfactory results. Extending as it did over 
the greater portion of the school term, the application of this test 
individually doubtless caught the children under varying conditions of 
health and fatigue; and to these variations the unsatisfactoriness 
seems mainly duel.” 

“Experimental Tests of the Mental Processes and their Relation to General 
Intelligence,” J .  of Exp. Ped., Nov. 1911, 103. 

Mass v. individual experiments. 
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Another factor also influencing such tests is nervousness. In the 
individual teats, signs of nervousness such as flushing frequently 
appeared, due often to an over-anxiety to do well, especially when under 
the immediate eye of the experimenter. In one extreme case, a child 
burst into tears because she had not remembered as many words as 
she had wished, although she had been told a t  the beginning (the 
experimenter being aware of her disposition) that it did not matter if 
she forgot the words as long as she did her best. Nervousness of this 
kind does not occur in mass experiments, as the subjects do not feel 
that they are the sole object of the experimenter’s attention. 

IV. EXAMINATION OF THE VALIDITY OF THE CHILDRI&S 
INTROSPECTION. 

Criticism. Many psychologists have maintained that it is impossible 
to obtain reliable introspections, even of a simple character, from 
children. For instance, Colvin and Myers consider that children are 
incapable of making introspections with any degree of accuracy, and 
base their objection on the following: A test involving certain dis- 
tractions was given to a hundred school children in the 4th and 6th 
grades. Together with the tests was given a list of questions inquiring 
concerning the effect of the distraction upon their power to memorise. 
Of the answers given a little over 50 yo agreed with the actual results 
obtained from the teats. From this figure they conclude that children 
are incapable of any accurate introspection. Nevertheless, in spite of 
their strong avowal of the inability of children to introspect they 
actually resort to it and draw conclusions from introspections. For 
example, they write: “In these grades too (higher grades) an attempt 
was frequently made to assign names to meaningless characters, a 
procedure reported less often in the lower gradesl.” From these 
introspections it was inferred that there is a general tendency towards 
the growth of a verbal type with increase in age. 

Prof. Kulpe has suggested that in order to determine 
whether an introspection is valid or not, it should be compared with 
already established facts, with introspections of other subjects, with 
other introspections of the same subject, and, alao, if the introspection 
is concerned with an external stimulus, with the stimulus itaelf. An 
endeavour should also be made to determine the subject’s ability to 

1 Peyehol. Rev., Monogr. Suppl. 11. 1909, “Development of Imagination in School 

Criteria. 

Children.” 
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express himself concerning his experiencesl. In order to establish the 
validity of the children’s introspection, an attempt has been made to 
follow these suggestions. 

One way of comparing 
the introspections with already established objective facts is the method 
of Colvin and Myers described above. But before one can tell exactly 
what their percentage means, it is necessary to know the degree of 
correspondence to be expected from chance, and this will depend upon 
the particular method of experiment and the number of distractions 
given. Without these details the figure 50 yo is meaningless. 

In order to check the experiments of Colvin and Myers, a series of 
four tests was carried out with twenty children whose ages varied 
between 11 and 14, and twenty adults. The children were selected 
some from the top of the term examination list, some from the middle, 
and some from the bottom, in order that they should be representative 
of a whole class. 

1. Tapping with the left hand, adding in threes and writing down 
the results with the right hand. 

2. Tapping with the left hand, and copying words with the right 
hand. 

3. Tapping with the left hand, and spelling the word ‘probability’ 
aloud. 

4. Tapping with the left hand and adding up in twos aloud. 
In  each of these four tests the subjects were instructed to perform 

both operations as quickly as possible. A minute wasgiven for each 
test. At the end of the fourth, the subject was to say which performance 
was felt to be the most distracting to the tapping, then which the least, 
and finally, to place the remaining two tests in order of distractibility. 
The order thus obtained was then compared and correlated with the 
order of the tests according to the number of taps actually made. 
The results of the test are shown in Fig. 5. The abscissae show the 
error in the order according to introspection as compared with the 
actual order. The ordinates show the number of individuals making 
these errors. Diagram A is for adults and B for the children. The 
adults have done better than the children, their average correlation 
between the order according to introspection and the actual order 
according to the number of taps, being -74 f -068, whilst that for the 
children is -48 f -115. If, however, the average deviation from the 

Arch. f. d .  gw. Psychol. XXI. 239. 

Distraction experiments of Colvin and Myers. 

The tests used were the following: 

Given by E. Westphal, “Uber Haupt- und Nebenaufgaben bei Reaktionsversuchen,” 



No. of adul ts  

No. of children 

A 

Adults 

0 0 
0 0 0 
0 . 0  0 
0 . 0  0 .  
0 . 0 0 0 .  

o g  1 1 4 2 2 4 3  

B 
I 

Children 

errors 

0 
0 

0 0 0 
0 .  0 0 

0 . 0  0 0 
0 . 0  0 . 0  errors 
0 + 1 1 + 2 2 g 3  

Fig. 6. 

If the distributions in the graphs A and B are studied, it will be 
seen that they are similar in character except for the extreme right ends. 
Forty-five per cent. of the children are above the average for the adults, 
and thirty-five per cent. of the adults are below the average for the 
children. On the whole, the differences between the two sets of results 
do not seem excessive, and are certainly insufficient to warrant the 
total rejection of the introspection of the children. 

Agreement between diffkrent tests of imagery type with children and 
adults. Three more tests were carried out with the same children and 
adults, and the results compared. They were the following: 

Kraepelin’s test. The subject was required to write out a list 
of objects characterised (a) by their colour, (b) by their sound. Time: 
three minutes each list. 

1. 
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2. Secor’s test. A series of 20 words was written on slips of paper. 
The subject looked a t  each word in turn and reported the imagery in 
each case. The test was repeated with a second series of 20 words 
read instead of being shown. Only visual and auditory images were 
taken into consideration, one mark being given for each image reported. 

The 
words chosen were the names of objects which could be represented 
either by an auditory or a visual image. The subjects were not required 
to make any associations, but merely to report their spontaneous 
images. The modification was made in order that the test might be a 
purely subjective one as compared with the other two, which are 
objective. 

(a) The subject was given the 
word ‘tone’ and asked to write a list of words which rhyme with it ; 
( b )  the subject was asked to write a list of words ending in ‘ine,’ 
regardless of pronunciation. 

In Kraepelin’s test i t  is assumed that a visualiser will find it easier 
to write a list of objects characterised by their colour than by their 
sound, while the reverse will hold of a subject of the auditory type. 
In Secor’s teat it is assumed that a visualiser will report more visual 
and a subject of the auditory type more auditory images. These two 
tests have been used with four observers, and have been described as 
giving satisfactory results1. In the third test i t  is assumed that subjects 
of the auditory type will find the first list easier, while visualisers will 
find the second easier. Both Secor’s and test 3 are recommended by 
Angel1 as suitable for determining image types2. 

If all these assumptions are true, then the inter-correlations between 
all the tests determining the visual type, namely tests l a ,  2a (visual 
images), 3b, and the inter-correlations between tests determining the 
auditory type, namely l b ,  2b (auditory images) and 3a, should be high, 
while the correlations between tests determining &Berent types should 
be low. 

Tables I and I1 show the correlations of tests 1,  2 and 3 for adults 
and children respectively. From each test two measurements a and b 
for each individual were obtained. Thus altogether there were six 
series of measurements to be correlated. The italicised correlations are 
those which, if the testa really determine types, should be high. In both 

Bell and Muckenhoupt, “Comparison of Methods for the Determination of Ideational 

This test is a slightly modified form of Secor’s original test. 

3. Sensory similarity in recall. 

Time : three minutes each list. 

Types,” Amer. J .  of Pqchol., 1906. 
a “Mental Image,” Payclwl. Rev., M o w .  8uppl. xm. 
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TABLE I. Aduks. 

The figures in heavy type under the correlations are the probable errors. 

l a  1b 1 2a 2b 3a 1 3b 

Secor’s 
Aud. 

’ Secor’s Kr. Tone ’ Kr. Red 
‘tone’ 1 ‘ine’ 

Via. 
-__ 

- -19 
449 

- a 0 8  
-16 

-40 

-29 

*32 

la 

l b  

2a 

2b 

3a 

3b 

Kr. Red 

Kr. Tone 

seaor’s 
Via. 

Seaor’s 
Aud. 

‘tone’ 

‘ine’ 

4 3  
-108 

- -08 

-09 

-10 

-22 

*38 
-129 

-10 
-15 

-29 
*I88 

-02 
-161 

.22 
-144 

-22 
-144 

-32 
-187 

a03 
461 

4 2  
-049 

- -09 
*I6 

- -09 
*I5 

-40 
-127 

*02 

*03 

6 3  

-*19 

- -  a09 

*38 

-22 -82 

TABLE 11. Children. 

la - 
Kr. Col. 

- ~- 

-62 
*I18 

*oo 
-16 

--11 
-149 

-21 
445 

-39 
-128 

2a 2b 
-- 

Secor’s 
Aud. 

Ib 3b 

‘ine’ 

4 9  
-128 

-34 
484 

- *24 
442 

- -21 
446 

-33 
-184 

3a 

‘tone’ Zr. Sound Secor’s 
Via. 

- 
la 

Ib 

2a 

2b 

3a 

3b 

Kr. Col. 

Kr. Sound 

secor’s 
Via. 

Secor’s 
Aud. 

‘tone’ 

line’ 

-62 
-188 

- -21 
446 

- -26 
-142 

-27 
-141 

-34 
-184 

-00 
-16 

- -21 
-145 

-*16 
-146 

- -41 
-187 

-.24 
442 

- a 1 1  
-149 

- -26 
-142 

- -16 
-146 

- *09 
-149 

- -21 
-146 

-21 
-145 

-2 7 
-141 

- -41 
*I27 

- -09 
-149 

*33 
-184 
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tables, however, they are low; the average of the adults is -09; for 
the children -03. All the differences between corresponding italicised 
correlations in the two tables are within the limit of three times the 
probable error. From these figures it appears that these tests are not 
dependent for their success upon visual and auditory imagery as 
assumed. The spontaneous introspections of the adults seem to support 
these figures. Most of these subjects a t  the end of the tests desired to 
know their object. On being told that one aim was to determine the 
subject’s particular image type, more than one considered the tests 
unsuitable for this purpose, saying that in tests 3a and 3b, Table I, a t  
least, similar imagery was present in both cases. Test 3b can be carried 
oub by rhyming just as test 3a can. One pronunciation of the syllable 
‘ine’ can be taken and a list obtained by rhyming. Then another 
pronunciation can be taken and another list obtained by rhyming. 
The high correlation between testa 3a and 3b in the case of the adults 
confirms this. In the case of the children it is much lower, but still 
higher than all but one of the italicised correlations. Again the cor- 
relations between tests la  and lb ,  which according to assumption should 
be low, are comparatively high, namely -53 and -52 in the adults’ and 
children’s tables respectively. With regard to the children’s ability to 
introspect as compared with the adults, the tables are in quite satis- 
factory agreement. The occurrence of low correlations where there 
should be high ones, in both, is due to the tests being useless for the 
purpose for which they are intended. 

Correhtions between two sets of introspections of the same children. In 
order to compare two sets of introspections by the same subjects, in 
the case of one class of children, introspections were obtained both in 
class and individually. They were obtained first collectively, each 
child writing down the answers to $he questions. Six months later, 
the same children were examined individually, the same questions being 
used. On the second occasion not one child could remember any of 
the questions that had been asked on the first, and some had even 
forgotten the event altogether. The following correlations were obtained 
between the two sets of results: 

Voluntary visual (class) and voluntary visual (individual) = -63. 
Voluntary auditory (class) and voluntary auditory (individual) = -60. 
Spontaneous visual (class) and spontaneous visual (individual) = -44. 
Spontaneous auditory (class) and spontaneous auditory (individual) = .75. 

Let us compare these figures with analogous ones that have been 
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obtained under extremely favourable circumstances. We may take 
the estimates of intelligence by teachers of the children they are con- 
tinually observing. The correlation between two estimates of the 
intelligence of the same children by the same teacher, the second being 
made nine months after the first, was -66, a figure of the same order as 
those obtained above for the children’s introspections of imagery, 
Although these results cannot prove that children do not make regular 
errors in their introspections, they at  least prove that their answers 
are not random ones. 

Comparison of children’s introspections with those of trained psycho- 
logists. In  order to further test the ability of the children to introspect, 
three experiments were made upon seven children and three trained 
psychologists, and the introspections of the two groups were compared, 
The teats used were: 

The subject was shown for five seconds a drawing consisting of 
a number of lines, and then required to reproduce it. 

The subject was shown for two seconds a piece of paper folded 
in halves, in the folded edge of which a hole was cut, and then required 
to draw the hole as it would appear if the paper were unfolded. 

3. The subject was shown one after another seven or nine words 
printed on cards. The series was shown three times and then the subject 
was required t o  reproduce it. Introspections were made after each 
teat. The children were tested first. Their introspectiom were given 
verbally and taken down by the experimenter. Each child was first 
of all asked to make statements as to how she remembered the drawing 
or worda; and then, if necessary, if she had had any pictuies in her 
mind, and if so, if they had been useful or not. The psychologists merely 
wrote down their introspections after each test. 

As was to be expected, the introspections of the children were 
exceedingly simple, as compared with those of the psychologists. The 
main purpose of the comparison was, however, to see if any points 
given by the psychologists were also given spontaneously by the children. 
The following are fair samples from the introspections of both, showing 
such points of correspondence. 

1. 

2. 
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Ps ychobgists. 
Test 1. 

A. W.  As soon as the picture was shown, I felt it was 
exceedingly easy and that I could reproduce it without 
difficulty. When it was covered over, there remained a 
distinct primary memory image, visual in the full sense that 
I could actually me the lines and followed them as I was 
drawing. I began left hand top, but when I got to the 
point indicated by z in the figure, I was lost, for the image 
had gone. I endeavoured to ecphore the remainder of the 
figure and then an image came up again. I still call this 
visual, but it had nothing of the sense perception of the 
primary memory image. I think in my case these images 
were of first-rate importance for the reproducing of the 

Had very distinct primary memory image, 
but this faded very rapidly. Continued to have fairly dis- 
tinct image of upper part of figure, but imagery seemed to 
be of little help with the lower. 

Test 2. 

figure. 
J .  C. F. 

A .  W. When it (folded paper with hole) was shown, it 
appeared an easy matter to draw the hole. I found, how- 
ever, that some kind of reasoning was present. I said to 
myself-the other half is the mirror image of the half shown. 
When drawing there was faint visual imagery, but it did not 
eeem to be of such importance as in the first experiment. 
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Children. 

W .  L. Thought I could do this, as I knew that the other 
Visual image of side must correspond with the one seen. 

the cut, construction accordingly of the rest. 

Test 3. 
W. L. Pleased on finding there was kind of rhyme. 

Words recalled kinaesthetically. 

J .  C. F. Had auditory and motor and in some cases 
visual images, but they did not seem to play quite such an 
important part in recollection as they did in the previous 
senes. Recollected partly by the meaning of the words and 
(at least in one case) by artificial associations. 

D. I. (from notea). 
Pictured it-then picture 
went-then drew lines 
where she thought they 
should be. Picture was 
helpful. 

M. H. Pictured it, 
but saw part only as clear 
as original. Picturing 
helped in drawing. 

D. L. (tested three 
times). Pictured one out 
of three-did not think 
picture helpful. Thought 
of one half and put on the 
‘other half. 

E. W. No icture- 
put down one Ialf and 
wofied out other half 
from that. 

D. T. No picture- 
thought about i t -drew 
what she saw and then 
added other half upside 
down. 

A. N. Pictured it- 
drew top part and then 

ut on the other part. i!i cture helpful. 

M. H. Remembered 
chiefly by rhythm. Pic- 
tured some, but wasn’t 
helpful. Felt as “if she 
were saying all the words 
to herself. 

D. L. Visual images 
-but doesn’t think they 
were helpful. Motor and 
auditory images - were 
helpful. 

A. N. No pictures- 
just thought about them. 

Considering their lack of training and limited powers of expression, 
the above comparison is a satisfactory one from the point of view of the 
children. In no case did any real discrepancies occur. 



After all, simple introspections of the kind made use of in this work 
are really easy. Satisfactory answers with regard to imagery have 
even been obtained by the questionnaire method. Galton says with 
reference to the answers he obtained: “The conformity of replies from 
so many different sources.. .has convinced me that i t  is much easier 
than I had anticipated to obtain trustworthy replies to psychological 
questions. Many persons, especially women and intelligent children, 
take pleasure in introspection and strive their best to explain their 
mental processee.~’ In the present case all the children had, a t  some 
time or other, been the pupils of the experimenter, who could therefore 
read their facial expressions and determine quite easily the degree to 
which they understood, and the value of the answers which they gave. 
Many of them, when once they had understood what was required of 
them, supplied a good deal of information quite spontaneously, and the 
amount of pleasure it appeared to afford them was quite amusing. Not 
a single case occurred of a child who appeared to have failed to under- 
stand or to be unable to answer. Of course, some children required 
more explanation than others, and doubtful cases were settled by cross- 

As the value of the results to be considered in the next section is 
dependent upon ;he validity of the introspections of the children, and 
several objections have been raised against the use of such introspections, 
it has been very necessary to carry out the various tests which have 
been described in this section, and to consider the results in a com- 
paratively lengthy manner. As the results of all the comparisons which 
have been made are quite satisfactory, we can now pass on to consider 
the correlations of imagery with the other tests described in Section 11. 

questioning. \ 

V. RESULTS. 

The correlations of imagery with the different groups of testa are 
given in Tables 111, IV, V, VI, VII, VIII and IX, which will each be 
considered. 

The correlations between the different classes of imagery (Table 111). 
As Betta also found, these are higher than the correlations of imagery 
with any other ability. The correlation between voluntary visual and 
voluntary auditory imagery is the highest and is -60, that of Betts 
being -53. However, the conclusion of Betts that the wide and rather 
even distribution of the power of imagery among the different types 
seems to leave no foundation for such classification as ‘eye-minded,’ 

1. 
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‘ ear-minded,’ ‘muscle-minded,’ etc., is rather premature, since it is 
based on the correlations between different types of voluntary imagery, 
and not on those between different types of spontaneohs imagery. 
Betts does not give the latter correlations; but in these experiments 
the correlation between spontaneous visual and spontaneous auditory 
imagery was -32, which is considerably lower than that between the 
voluntary types. As the difference between the voluntary and spon- 
taneous types of imagery is that indicated by the adjectives used to 
distinguish them, the decrease in the correlation between the spontaneous 
as compared with the voluntary types means that there are individuals 

TABLE 111. 

VOl. 
Vis. 

VOl. 
Aud. 

Sp. Vis. 

Sp. Aud. 

Vol. Vis. 
___ 

-60 

-22 

*38 

Vol. Aud. 

-60 
-088 

-29 

a48 

Sp. Vis. 

*22 
-067 

*29 
a055 

*32 

Sp. Aud. 

*38 
-052 

-48 
a046 

*32 
a055 

- _- . . . - 
who have a tendency to employ one type of spontaneous imagery more 
than the other. The correlation is, however, still distinctly positive 
and does not justify the assumption of any very definite image types. 
The difference between spontaneous and voluntary imagery is, however, 
a matter which requires further investigation. 

2. Correlations of imagery with sensory discrimination and sensory 
memory. These correlations, which are given in Tables IV and V, are 
all low but mostly positive. The average of Table IV is -094 -+ -015, 
and that of Table V -091 f. -021. In both cases the correlations, 
although low, are significant, as they are well over three times the 
probable error. From these averages i t  would appear that imagery 
is slightly helpful in the processes of discrimination and memory. 
There is, however, an inverse possibility and that is, that those who 
remember better have a tendency to produce better images on that 
account. (It should be noted that the only difference between dis- 
crimination and memory may be that the time interval between the 
experience and its reproduction in the one case is exceedingly short, 
while in the other i t  is much longer.) 
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-00 I .10 - -18 
*068 I -06 1 -06 

-06 *06 -061 
-14 -16 - a 0 6  

- -07 -24 - -13 
-072 -069 -011 

-21 -27 -16 
-061 -06 -06 

el6 -09 a26 
*06 *OBI  -058 

*18 -08 1 -.06 
, 

TABLE IV. 

F’itch M 

Rate M 

Mus. M 

Colour M 

Pitch D 

Rat4 T) 

Mus. D 

Colour D 

Angles D 

Pat. D 

CoL Groups 
D 

- -06 
-015 

-16 
*074 

-23 
a098 

a12 
-105 

Vol. vie. 

*04 
-062 

-07 
-061 

-16 
-01 

-01 
-06 

*01 
-062 

-17 
-012 

-08 
-012 

a010 

-07 
*095 

-17 
*Ole 

I Vol. Aud. I Sp. Vis. I Sp. Aud. 

i I -I-- 

Av. = * O M  f -016 

TABLE V. 

I Vol. Vis. 1 Vol. Aud. 1 Sp. Via 1 Sp. Aud. 

I- 

Anglas M 

Patterns M 

Col. Groups 
M 

-16 
-078 

*08 
-098 

*16 
-014 

- *04 
-075 

*09 
-015 

*33 
-084 

.lo 
-102 

*07 
-015 

-06 
-095 

el1 
-014 

- -07 
*015 

-01 
.015 

-11 
*094 

-46 
-108 

- -02 
-015 

a 0 6  
*095 

*12 
.014 

Av. = -091 f -021 
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In Table IX are given the correlations calculated after pooling the 
marks obtained in certain tests in each group. Thus voluntary and 
spontaneous visual imagery were pooled and similarly voluntary and 
spontaneous auditory imagery. The marks for verbal memory were 
obtained by pooling the three verbal memory tests; auditory dis- 
crimination by pooling those for pitch, rate and musical discrimination ; 
for visual discrimination by pooling those for colour, angles, patterns 
and colour groups ; for visual and auditory memory by pooling those 
for the corresponding memory tests. School marks were obtained by 
pooling those for the separate subjects. In all these cases the actual 
marks were pooled and not the average correlations taken, in order 
that the observational error might be reduced. 

It will be seen from the correlation of visual and auditory imagery 
with visual and auditory discrimination and memory (Table IX) that 
only in the case of the visual performances does there seem to be any 
tendency to higher correlation with the corresponding imagery. Visual 
discrimination correlates more highly with both kinds of imagery. 
The four correlations of the memory tests with imagery are more equal 
in value. Taking into consideration all these figures, i t  appears that 
imagery may function slightly in visual discrimination, and visual and 
auditory memory, but not in auditory discrimination. On the whole, 
visual imagery is more important than auditory. 

As from the nature of the tests there can be no question of the 
vicarious functioning of imagery here, any significant correlation of a 
visual test with auditory imagery, or vice versa, must be due to the 
correlation between the two types of imagery. 

One of the criticisms upon Beth’ work has been that he has ignored 
verbal imagery and that this is the cause of the low correlations of 
imagery with every mental performance. This objection cannot be 
raised here, concerning either Table IV or V, for in the tests from which 
these correlations were obtained, there wa0 no possibility of descriptive 
verbal images occurring, for the differences between the pitches, rates, 
colours, angles, etc., were too small to allow of it. Another objection, 
however, might be raised, and that is that kinaesthetic images have not 
been considered, and that these might have functioned here. It is 
possible, though not probable, that kinaesthetic imagea may have come 
into play in discrimination and memory of pitch and rate, but in the 
case of discrimination and memory of colour it is difficult to see how 
such or any other kind of images not already considered could have 
functioned. 

J. of Psych. M 32 
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Vol. Vis. 

-03 
*068 

-02 
*062 

- -07 
*062 

3. Imagery and verbal memory. It might be supposed that 
superiority in visual imagery would correspond with superiority in 
remembering visually presented material, comparison being made both 
with the amount remembered by other individuals of inferior visual 
imagery and the amount remembered by the same individual with a 
different mode of presentation. If this supposition were true, one 
would expect that clearness of visual imagery would have a high 
correlation with memory of visually presented material and a lower 
one with auditorily presented material; but this is not borne out by 
the correlations of Table VI. In this table, the correlations of visual 

Vol. Aud. 
______ 

-12 
-062 

-00 
*062 

-09 
-062 

TABLE VI. 

*24 
-059 

-08 
-061 

- '04 
so62 

Aud. Motor 
Verbal M 

Visual 
Verbal M 

Aud. 
Verbal M 

.18 
*061 

-19 
-06 

-12 
-062 

$v. = a08 f *023 

imagery with visual verbal memory and auditory verbal memory are 
both very low, being -18 and -15 respectively, the difference between 
the two being less than the probable error of either. Similar results 
were obtained with auditory imagery and visual and auditory verbal 
memory. The average correlation for the group is, however, -03 & -023, 
a low but significant value. 

4. The cor- 
relation between these two tests themselves was ~51,  and after eliminating 
the general factor, the spkcific correlation was -47. This specific 
correlation might be expected to be due to both tests being dependent 
upon imagery. The correlations with imagery are given a t  the end 
of Table IX. The 
common factor, then, causing the specific correlation between the two 
tests is evidently not imagery. It has been found1 that the technical 
subjects of the school curriculum show a specific correlation due to a 
factor which is probably the motor factor. Drawing is one of these 
technical subjects, and it is more than likely that the drawing element 

1 These results will be published later. 

Imagery and the tests designed to correlate with it. 

It will be seen, however, that they are very low. 
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common to both these tests, and which introduces the motor factor, 
is the cause of the specific correlation between them. The low cor- 
relation of these testa with imagery corroborates the results of some 
previous and very similar experiments. For example, in his book 
Body and Mind,  p. 338, Mr McDougall describes an experiment in which 
“a  number, say ten points of light are thrown simultaneously for a 
small fraction of a second on a screen. The subject is required to draw 
a map of the spots.” This experiment is very similar to the drawing 
test which is now being considered. In a footnote Mr McDougall 
remarks : “There are considerable differences between individuals in 
respect to the ease with which they achieve such a task, but those 
who are good visualisers do not seem to excel others.” 

Another experiment in which similar material was used is one 
described by Mr Winch in a paper on the ‘‘ Function of Images1.” The 
testa were made upon a class of boys. The material used was of the 
same nature as that used in the drawing test, but the method was 
quite different. The boys were divided into two groups, A and B. 
Designs were exposed for a minute or so and they were required to 
look a t  them and then to draw them from memory. A month later 
fresh designs were shown. On this occasion group B reproduced them 
after giving a minute or so to the formation of a visual image, whilst 
group A formed no such image but reproduced a t  once. The results 
showed that group B, instead of being better, were slightly worse. 
The test was repeated in the same way, without warning, a week later, 
and both groups made the same number of errors, showing that imagery 
had not been helpful in prolonging memory of form. Thus a similar 
result has been arrived a t  by a totally different method. 

5. Imagery and the school subjects (Table VII). Here again all 
the correlations are low, and a considerable number are even slightly 
negative. Science and history have been omitted because the number 
of cases was much smaller (24) than in the other subjects. The results, 
however, such as they were, were negative. 

Of course, this result does not mean that a lesson with a number 
of concrete illustrations such as diagrams, pictures, models, etc., is not 
likely to be much more successful than a mere ‘lecture.’ But the 
reason is not that clearer images are developed. One of the chief 
functions of a teacher is to develop associations between words and 
their meanings in the mind of the child, between phrases and the relations 

J .  of Philos., Psyehol., and Sci. Neth., 1908. 
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which they express; and these need not necessarily involve images. 
Such associations are only built up in the first place by perception, that 
is, by associating the word or phrase with the actual object or relation. 
They are slow in their formation and much repetition is necessary to 
establish them firmly. It is because of these imperfect associations 
and the consequent imperfect apprehension that the 'wordy ' lesson 
is more or less unsuccessful. Even perception or the memory of 
perception is only the beginning and not the whole of scientific know- 
ledge. If a child has clear images but incorrect ones, he may fail to 
understand a lesson, but it is also possible that he may have very clear 
and correct images at  the end of a lesson (for example, a lesson on oxygen 
during which phosphorus, sulphur, etc., have been burnt), and yet 
remain almost as ignorant as before, because he has failed to grasp 
the underlying relations and meanings. 

TABLE VII. 

Reading 

Writing 

Arithmetic 

Spelling 

Composition 

Needlework 

Painting 

Geography 

Vol. Vis. 

-00 
so14 

-06 
*017 

- .10 
so15 

S O 2  
a015 

-* lo  
-014 

* 10 
.015 

2 0  
a018 

-02 
*094 

.01 
so14 

-00 
* O l l  

.15 

.014 

*03 
*015 

.16 

.014 

.02 
*015 

.21 
,018 

*30 
-086 

Sp. Vis. 

-06 
a014 

-15 
a014 

-*16 
-014 

- .01 
*015 

- -12 
*014 

.04 
*015 

-17 
.078 

- '25 
*089 

Bp. A d .  

- '03 
.014 

-.15 
*015 

- -09 
.075 

- -10 
*015 

- -04 
a015 

*05 
-015 

-05 
* o m  
*05 
*OB4 

Av. = .022 & -069 

Of the four correlations of arithmetic with imagery, three have low 
negative values. This is in agreement with the results of Thorndike 
and Betts (p. 458). The introspections of Starch's subjects (p. 456) to 
the effect that their improvement in mental arithmetical tests was 
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partly due to the acquisition of the ability to visualise the arithmetical 
operations cannot be relied on, as the different subjects were not com- 
pared with regard to their visualising powers and their performances 
in arithmetical tests. 

Imagery and the teachers’ estimates (Table VIII). More than half 
of these correlations are slightly negative. With regard to scholastic 
ability, Betts obtained a similar result, for he says: “There seems to 
be an almost entire absence of correlation between ability in imagery 
of the voluntary sort, and ability in college studies as measured by 
teachers’ markings. Whatever little correlation there is, is almost 

6. 

entirely negative.” 

Scholastic 
Intelligence 

Practical 
Intelligence 

Pains- 
taking 

Social 
Status 

TABLE VIII. 

Vol. Vis. 

- a09 
*06 

- *03 
*06 

- a 1 0  
*06 

*05 
*06 

Vol. Aud. I Sp. Vis. I Sp. Aud. 

- *04 
*06 

- *06 
.06 

a02 
a 0 6  

- *13 
-06 

.Of3 
*06 

-09 
.06 

.05 
*06 

-12 
-06 

--11 
*06 

- 4 6  
.06 

- .01 
.06 

.o 1 
a06 

Av. = -*013 f -019 

It has been found1 that there is a positive correlation between 
scholastic intelligence and social status. If imagery is detrimental to 
the intellectual processes, a negative correlation might be expected 
between imagery and social status. The average of the correlations 
in Table 111 is about 0. No very definite conclusion can be drawn 
from such a result, as probably the differences in social status in 
elementary schools are insufficient to bring out any definite relations. 
It may be, however, as in other cases, that there are none. 

A t  the end of Table IX are 
added the correlations of the two general ability tests with visual and 
auditory imagery. As is to be expected from the results already 
discussed, these are all low. 

7. Imagery and general abiWy tests. 

1 u Experimental Test of General Intelligence,” C. Burt, this Journal, 1909. 
32-3 
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TABLE IX. 

Scholastic 
Intelligence 

Practical 
Intelligence 

Painstaking 

Social 
status 

Verbal 
Memory 

Vis. D. 

Aud. D. 

Vis. M. 

And. M. 

School 
Marks 

Vis. Im. 

Aud. Im. 

Opposites 

Sentences 

Drawings 

Holes 

Vie. Im. 

- *05 

- *02 
-054 

*068 

- -07 
-058 

- -02 
-054 

*05 
-052 

-23 
-058 

-07 
*058 

-18 
*054 

*15 
-065 

*01 
-075 

-35 
*047 

-19 
-069 

-13 
*066 

a13 
-070 

-06 
-071 

Aud. Im. 

- -10 
a068 

- *12 
*058 

*oo 
-054 

-01 
a054 

*01 
-058 

-16 
.052 

-00 
5054 

e11 
.058 

-16 
* O M  

- *lo 
-075 

-35 
*047 

*18 
-069 

05 
-067 

-08 
-072 

- -25 
-072 

Av. = '050 f '011. 
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In the first column of figures in the table below, are given the 
correlations of the pooled tests (Table IX) with ‘g’  the general factor. 
In  the second column are given the percentages of negative correlations 
with imagery of the tests in each group from which the pooled tests 
were obtained, that is, the percentage of negative correlations in 
Tables IV, V, VI, VII and VIII. 

Percentage of 
negative 

Correlatiqn correlation 
with ‘g in group 

Practical and scholastic intelligence .63 (average) 75 

Visual and auditory memory *49 (average) 21 
School marks *59 34 

,, ,, ,, discrimination -44 (average) 18 
Verbal memory *37 16 

If the two columns of figures are examined, an interesting relation 
becomes apparent. It will be seen that the larger the correlation with 
‘g,’ the greater is the number of negative correlations in the group. 
This confirms the statement which has now been made by several 
authors, that there is even a tendency to inverse correlation between 
some of the higher mental processes and visual and auditory imagery. 

VI. SUMMARY. 

The correlations between the different types of imagery are 
comparatively high; higher than those of imagery with any other 
mental performance. It is therefore doubtful if there are any very 
definite image typesf. 

Imagery is probably helpful to a small degree in the processes of 
discrimination and memory, and visual imagery is slightly more so 
than auditory. The low correlation of imagery with these processes 
is not due to the fact that no consideration of verbal imagery has been 
taken, because certain of the tests were of such a nature that verbal 
images could not have occurred. 

Imagery may be helpful to a small extent in verbal memory, but 
there is no tendency for memory of visually presented material to 

Prof. Carveth Read says on the subject of imagery and image types: ‘‘Pbto and 
Bacon are plainly visiles; but visualisation of the pictorial sort is, after all, never more 
than an accompaniment or introduction to the kinaesthesis; and whilst in some men it 
persists, as a sort of generous excess or extravagance of ideation, in others, for greater 
concentration, it is omitted, like many other links in the economic abbreviation of the 
organic processes. The depth of the differences between visile, audile, motile, types is 
easily exaggerated : motility is fundamental in objective judgment” (The Metaphysics 01 
Nntwe,  p. 50). 
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correlate highly with visual imagery, or for memory of auditorily pre- 
sented material to correlate highly with auditory imagery. Even the 
tests which were designed to correlate with imagery did so only to a 
slight degree. This casts a doubt as to the value of any objective 
method of determining image type. 

If the various mental performances are considered with regard to 
their correlation with ‘9’ the general factor, it has been found that 
there is a tendency to inverse correlation between some of the higher 
mental processes and imagery. Thus in school studies imagery may 
even be detrimental. 

Although these results cannot prove that mental activity may take 
place without visual and auditory imagery, yet they do prove that the 
clearness of such imagery bears no relation to the effectiveness of the 
mental processes which it accompanies. It might be argued that the 
usefulness of imagery depends upon its msre presence. This, however, 
seems improbable. It is not usual to find that imperfect tools serve 
so useful a purpose as perfect ones. 

(Manuscript received 26 F&TWTY, 1915.) 


